TENT COOPERATION TREATY 

PCT 

INTERNATIONAL SEARCH REPORT 



Applicant's or agent's file reference 
2248178/LKA 


FOR FURTHER see Notification of Transmittal of International Search Report 
ACTION (Fonn PCT/ISA/220) as well as, where applicable, item 5 below. 


International application No, 
PCT/AU 00/00022 


International filing date (day/month/year) 
14 January 2000 


(Earliest) Priority Date (day/month/year) 
15 January 1999 


Applicant 

THE AUSTRALIAN NATIONAL UNIVERSITY (et al) 



This international search report has been prepared by this International Searching Authority and is transmitted to the applicant according to 
Article 18. A copy is being transmitted to the International Bureau. 

This international search report consists of a total of 4 sheets. 

j I It is also accompanied by a copy of each prior art document cited in this report. 



Basis of the report 

a. With regard to the language, the international seeu'ch was carried out on the basis of the international application in the language in 
which it was filed, unless otherwise indicated under this item. 

□ the international search was carried out on the basis of a translation of the international application furnished to this 
Authority (Rule 23.1(b)). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was 
carried out on the basis of the sequence listing: 



b. 



□ 
□ 
□ 
□ 
□ 

□ 



contained in the international application in written form. 

filed together with the international application in computer readable form. 

fiimished subsequently to this Authority in written form. 

furnished subsequently to this Authority in computer readable form. 

the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the international 
application as filed has been furnished. 

the statement that the information recorded in computer readable form is identical to the written sequence listing has been 
furnished 



I I Certain claims were found unsearchable (See Box I). 
I I Unity of invention is lacking (See Box II). 
With regard to the title, |^ j the text is approved as submitted by the applicant. 

I I the text has been established by this Authority to read as follows: 

5. With regard to the abstract, |y | the text is approved as submitted by the applicant 



□ 



the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box HI. 
The applicant may, within one month from the date of mailing of this international search report, 
submit comments to this Authority. 



The figure of the drawings to be published with the abstract is Figure No. 3 

I I as suggested by the applicant. 
|y j because the applicant failed to suggest a figure 

because this figure better characterizes the invention 



j I None of the figures 



Fonn PCT/ISA/210 (first sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 



International application No, 
PCT/AU 00/00022 



CLASSIFICATION OF SUBJECT MATTER 



Int Cl'7- G03B 37/00, G02B 5/10, 13/06, 17/06, B25J 19/04 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
IPC: G03B 37/00, G02B 5/10, 13/06, 17/06, 23/08, B25J 19/04 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
AU: IPC AS ABOVE 



Electronic data base consulted during the international search (name of data base and, where practicable, search tenns used) 
DWPI, JAPIO 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



AU 74861/94 (673951) B (THE AUSTRALIAN NATIONAL UNIVERSITY) 
21 March 1995 

page 6 line 4 - page 14 line 14 



US 4566763 A (GREGUSS) 28 January 1986 
Col 1 line 66 - col 2 line 16, fig 4 



1-5, 14-18 



1. 14 



US 5627675 A (DAVIS et al) 6 May 1997 
Whole document 



Further documents are listed in the 
continuation of Box C 



See patent family annex 



* Special categories of cited documents: 

"A" document defining the general state of the art which is 
not considered to be of particular relevance 

"E" earlier application or patent but published on or after 
the international filing date 

"L" document which may throw doubts on priority claim(s) 
or which is cited to establish the publication date of 
another citation or other special reason (as specified) 

"O" dcx:ument referring to an oral disclosure, use, 
exhibition or other means 

"P" document published prior to the international filing 



"X" 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
document of particular relevance; the claimed invention carmot 
be considered novel or cannot be considered to involve an 
inventive step when the document is taken alone 
document of particular relevance; the claimed invention caimot 
be considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
17 February 2000 


Date of mailing of the international search report 

2 1 m 2CG0 


Name and mailing address of the ISA/AU 

AUSTRALIAN PATENT OFFICE 
PO BOX 200, WODEN ACT 2606. AUSTRALIA 
E-mail address: pct@ipaustral ia.gov, au 
Facsimile No. (02) 6285 3929 


Authorized officer 

M.E. DIXON 

Telephone No.: (02) 6283 2194 



Form PCT/ISA/210 (second sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/AU 00/00022 



C (Contiduation). 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to 
claim No. 



US 5502309 A (DAVIS) 26 March 1996 
Fig 5 



US 4549208 A (KAMEJIMA et al) 22 October 1985 
Col 3 



US 4449786 A (McCORD) 22 May 1984 
Col 5 line 38 - col 7 line 24, Figs 5, 8, 13 



Form PCT/ISA/210 (continuation of Box C) (July 1998) 



INTERNATIONAL SEARCH REPORT 

Inforr ion on patent family members 



International application No. 
PCT/AU 00/00022 



This Annex lists the known *'A" publication level patent family members relating to the patent documents cited 
in the above-mentioned international search report. The Australian Patent Office is in no way liable for these 
particulars which are merely given for the purpose of information. 



Patent Document Cited in Search 
Report 






Patent Family Member 






AU 


74861/94 


WO 


9506303 


EP 715743 


US 


5790181 


US 


4566763 


DE 


3402847 


FR 2540642 


JP 


59192220 


US 


5627675 


EP 


833178 









END OF ANNEX 



Form PCT/ISA/210 (citation family amiex) (July 1998) 



NT COOPERATION TREA 



TUESDAY, 



wo 00/42470 
PCT/AUOO/0! 




From the INTERNATIONAL BUREAU 



PCT 

NOTICE INFORMING THE APPLICANT OF THE 
COMMUNICATION OF THE INTERNATIONAL 
APPLICATION TO THE DESIGNATED OFFICES 


To: 

ALLEN, Leon, K. 
Davies Collison Cave 
1 Little Collins Street 
Melbourne, VIC 3000 
AUSTRALIE 


Date of mailing (day/month/year) 

20 July 2000 (20.07.00) 




Applicant's or agent's file reference 
22481 78/LKA 


IMPORTANT NOTICE 


International application No. Intematianal filing date (day/month/year) 
PCT/AUOO/00022 1 4 January 2000 (1 4.01 .00) 


Priority date (day/month/year) 

15 January 1999(15.01.99) 


Applicant 

THE AUSTRALIAN NATIONAL UNIVERSITY et al 



Notice is hereby given that the International Bureau has communicated, as provided in Article 20, the international application 
to the following designated Offices on the date indicated above as the date of mailing of this Notice: 

AU,JP,US 



In accordance with Rule 47.1(c), third sentence, those Offices will accept the present Notice as conclusive evidence that 
the communication of the international application has duly taken place on the date of mailing indicated above and no copy 
of the international application is required to be furnished by the applicant to the designated Office(s). 

2. The following designated Offices have waived the requirement for such a communication at this time: 
CA,EP 



The communication wilt be made to those Offices only upon their request. Furthermore, those Offices do not require the 
applicant to furnish a copy of the international application (Rule 49.1(a-bis)). 

3. Enclosed with this Notice is a copy of the international application as published by the International Bureau on 
20 July 2000 (20.07.00) under No. WO 00/42470 



REMINDER REGARDING CHAPTER II (Article 31(2)(a) and Rule 54.2) 

If the applicant wishes to postpone entry into the national phase until 30 months (or later in some Offices) from the priority 
date, a demand for international preliminary examination must be filed with the competent International Preliminary 
Examining Authority before the expiration of 19 months from the priority date. 

It is the applicant's sole responsibility to monitor the 19-month time limit. 

Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter II has the 
right to'file a demand for international preliminary examination. 



REMINDER REGARDING ENTRY INTO THE NATIONAL PHASE (Article 22 or 39(1)) 

If the applicant wishes to proceed with the international application in the national phase, he must, within 20 months 
or 30 months, or later in some Offices, perform the acts referred to therein before each designated or elected Office. 

For further important information on the time limits and acts to be performed for entering the national phase, see the 
Annex to Form PCT/IB/301 (Notification of Receipt of Record Copy) and Volume II of the PCT Applicant's Guide. 



The International Bureau of W1PO 


Authorized officer 






34, chemin des Colombettes 


J. Zahra 




1211 G neva 20, Switzerland 




Facsimile No. (41-22) 740.14.35 


Telephone No. (41-22) 338.83.38 




Form PCT/IB/308 (July 1996) 




3407013 



The demand must be fileddirectlywi 
with the one chosen by the applicant. 



ant^me j 



rrtpetentlnternattonaiPreliminaryEixamintngAu 
full name or rwo-letter code of that Authority ma^ 



:^9fnd> 



r. if two or more A uthonttesare competent, 
dicated by the applicant on the line below 



IPEA/. 



PCX 

DEMAND 

under Article 3 1 of the Patent Cooperation Treaty: 
The undersigned requests that the international application specified below be the subject of 
international preliminary examination according to the Patent Cooperation Treaty and 
hereby elects all eligible States (except where otherwise indicated). 



CHAPTER 



Identification of IPEA 



For International Preliminary Examining Authority use only 

Date of receipt of DEMAND 



Box No. I IDENTIFICATION OF THE INTERNATIONAL APPLICATION 



Applicant's or agent's file reference 



International application No, 

PCT/AUOO/00022 



International filing date (day/month/year) 

14 January 2000 
(14.01.2000) 



(Earliest) Priority date (day/month/year } 

15 January 1999 
(15,01.1999) - 



Title of invention 

RESOLUTION INVARIANT PANORAMIC IMAGING 



Box No. 11 APPLICANT{S) 



Name and address: rFamifymjmeJblio\*^dbygrvenname:foralegalentiry.JuiIo_ffici 
The addrtssmust include postal code and name ojcounny.) 

THE AUSTRALIAN NATIONAL UNIVERSITY 
Acton, Australian Capital Territory 
2601 

Austral ia 



Telephone No.: 



Facsimile No.: 



Teleprinter No.: 



State (that is. country) of nationality 

Austral ia , 



State (that is, country) of residence: 

Austral ia 



Name and address: fFamiiynamefoilo..^dbygi^nname:foralegaleni^tyJuU^^^^ The addressmust include postal code and name of country J 

MOORE, John, Barratt 
8a Residence 8 

Chinese University of Hong Kong 



Sha Tin 

New Territories 
Hong Kong 


cmna p 

Statc (that is. country) of nationality: 


State {that is. country) of residence: 

China 


Name and address: (Familynamefollos^dbygtyennameJoraleg^lentiiyMloff^^^^^^ Jlteaddfessmusi include postal code and name of country., 


CONRO.Y, Tanya, Louise 
8 Fenwick Place 
Belconnen 

Canberra. Australian Capital Territory 
2617 

Austral ia 




State (that is. coun/rK/ of nationality: 
Aii<;t.ral ia 


State fthat is. country) of residence: 

Australia 


1^ J Further applicants are indicated on a continuation sheet. 



Form PCT/I PEA/40 1 (first sheet) (July 1998) 
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Sheet No. 2 . . 


International application No. 

PCT/AUOO/00022 




Box No. Ill AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 


The following person is [x] agent Q common representative 

and Qx] Has been appointed earlier and represents the applicani(s) also for international preliminary examination. 

1 I is hereby appointed and any earlier appointment of (an) agcnt(s)/common representative is hereby revoked. 

1 1 is herebv appointed, specifically for the procedure before the International Preliminary Examining Authority, in addition to 
the agent(sycommon representative appointed earlier. 


Name and address* ( Family name follon'td by given name: for a legal entity. Jul! ojjt^^ 
' ' The a€iiress must include postal code and name of country J 

ALLEN, Leon, K Davies Collison Cave 
CAINE. Michael , J 1 Little Collins Street 
SLATTERY. John. M Melbourne Victoria 3000 

Australia 


Telephone No.: 

+613 9254 2777 


Facsimile No.: 

+613 9254 2770 


Teleprinter No.: 


1 — 1 Address for correspondence: Mark this check-box where no agent or common representative is/has been appointed and the 
1 1 space above is used instead to indicate a special address to which correspondence should be sent. 


Box No. IV' BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION 


Statement concerning amendments:* 

1. The applicant wishes the international preliminary examination to start on the basis of: 

the international application as originally filed 
the description (jcj as originally filed 

1 j as amended under Article 34 

the claims [T] as originally filed 

1 1 as amended under Article 19 (together with any accompanying statement) 
1 1 as amended under Article 34 

the drawings [x] as originally filed 

1 j as amended under Article 34 

2. Q[] The applicant wishes any amendment to the claims under Article 19 to be considered as reversed. 

3 1 — 1 The applicant wishes the start of the international preliminary examination to be postponed until the expiration of 20 months 
— from the priority date unless the International Preliminary Examining Authority receives a copy of any amendments made 
under Article 19 or a notice from the applicant thai he docs not wish to make such amendments (Rule 69, 1(d)). (This check- 
box may be marked only where the time limit under Article 19 has not yet expired.) 
• Where no check-box is marked, international preliminary examination will start on the basis of the international application 
as originally filed or. where a copy of amendments to the claims under Article 1 9 and/or amendments of the international application 
under Article 34 arc received by the Inteniaiional Preliminary Examining Authority before it has begun to draw up a written opinion 
or the international preliminary examination report, as so amended. 






1 x| which is the language in which the international application was filed. 

1 1 which is the language of a translation furnished for the purposes of international search. 

I 1 which is the language of publication of the international application. 

[~| which is the language of the translation (to be) furnished for the purposes of international preliminary examination. 


Box No.V ELECTION OF STATES 




The applicant hereby elects all eligible States (that is. all States which have been designated and which are bound by Chapter 11 oj 
the PCT) 

excluding the follow ing States which the applicant wishes not to elect: 


r 

1 



Fonii PCT/IPEA/40 1 (second sheet) (July 1998) See Notes to the demand fc 




Sheet No. 



International application No. 

PCT/AUOO/00022 



Box No. VI CHECKLIST 



The demand is accompanied by the following elements, in the language referred to in 
Box No. IV, for the purposes of international preliminary examination; 


For International Preliminary 
Examining Authority use only 

received not received 


I. translation of international application 


sheets 


□ 


□ 


2. amendments under Article 34 


sheets 


□ 


□ 


3. copy (or. where required, translation) of 
amendments under Anicle 19 


sheets 


□ 


D 


4. copy (or. where required, translation) of 
statement under Article 19 


sheets 


□ 


□ 


5. letter 


sheets 


□ 


□ 


6. other (specify) 


sheets 


□ 


□ 


The demand is also accompanied by the item(s) marked below: 
1. [ 1 fee calculation sheet 


4. [ I statement explaining lack of signature 




2. j 1 separate signed power of attorney 

3, r~| copy of general power of attorney: 
* ' reference number, if any: 


5.1 1 nucleotide and or amino acid sequence listing in 
computer readable form 

6, I I other /"jpeci^^: 


BokNo.VII signature of APPLICAiNT, AGENT OR COMMON REPRESENTATIVE 



Seiatoeachsi^mimreAndicatethenameofthepersonsignmgan^^^ 




ALLEN. Leon. K 
For and on behalf of the Applicant 



For Iniemaiional Preliminary Examining Authority use only 



1 . Dale of actual receipt of DEMAND: 



2. Adjusted date of receipt of demand due 
to CORRECTIONS under Rule 60. 1 (b): 



j — I The date of receipt of the demand is AFTER the expiration of 19 months j I 
I I from the priority date and item 4 or 5. below, docs not apply. ' * 



The applicant has been 
informed accordingly. 



□ The date of receipt of the demand is WITHIN the period of 19 months from the priority dale as extended by virtue of 
Rule 80.5. ^ 



. j— J Although the date of receipt of the demand is after ihc expiration of 19 months from the priority date, the delay m arrival 



is EXCUSED pursuant to Rule 82. 



For International Bureau use only 



Demand received from I PEA on: 




Form PCT/IPEA/401 (last sheet) (July 1998) 



See Notes to the demand form 



NT COOPERATION TRE^T 

TUbuMV - 1 AUG 20M. 



rrom 

intek^,ational preliminary examining authority 



To: Agent : 








DAVIES COLLISON CAVE 

1 Little Collins Street 

MELBOURNE VIC 3000 


NOTIFICATION OF RECEIPT 
OF DEMAND BY COMPETENT INTERNATIONAL 
PRELIMINARY EXAMINING AUTHORITY 

(PCT Rule 59.3(e) and 61.1(b), first sentence 
and Administrative Instructions, Section 601(a)) 






Date of mailing 
(day /month/year) 


31 JUL 2000 
(31/7/00) 


Applicant's or agent's file reference 
2248178/LK 


IMPORTANT NOTIFICATION 


International application No. 
PCT/AUOO/00022 


International filing date (day /month/year) 
14 JAN 2000 (14/1/00) 


Priority date (day /month/year) 
15 JAN 1999 (15/1/99) 


Applicant 

Australian National University; The (et al.) 



1 . The applicant is hereby notified that this International Preliminary Examining Authority considers the following date as the 
date of receipt of the demand for international preliminary examination of the international application: 

25 JUL 2000 (25/7/00) 



2. That date of receipt is: 

the actual date of receipt of the demand by this Authority (Rule 61.1(b)). 
I I the actual date of receipt of the demand on behalf of this Authority (Rule 59.3(e)). 

I the date on which this Authority has, in response to the Invitation to correct defects in the demand (Form 

PCT/IPEA/404). received the required corrections. 



3. 



I I Attendon: That date of receipt is AFTER the expiration of 19 months from the priority date. Consequendy, the 

' ' elections(s) made in the demand does (do) not have the effect of postponing the entiV into the national phase until 30 months 

from the priority date (or later in some Offices) (Article 39(1)). Therefore, the acts for entry into the national phase must 
be performed within 20 months from the priority date (or later in some Offices) (Article 22). For details, see the 
PCT Applicant's Guide, Volume IL 



□ 



(If applicable) This notification confirms the information given by telephone, facsimile transmission or in person on: 



4. Only where paragraph 3 applies, a copy of this notification has been sent to the Internatiotial Bureau. 



Name and mailing address of the IPEA/AU 
AUSTRALIAN PATENT OFFICE 
PC BOX 200, W DEN ACT 2606, AUSTRALIA 

E-mail: pct@ipaustralia.gov.au 
FacsimUe No. 02 6285 3929 



Authorized officer 



Telephone No. 



JOHH COLOWEU 
02 6283 2357 



Form PCT/IPE A/402 (July 1998) 



[TENT COOPERATION TREAT 

PCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 
(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
2248178/LK 



FOR FURTHER 
ACTION 



See Notification of Transmittal of International Preliminary 
Examination Report (Form PCT/IPEA/416)- 



Intemational Application No. 
PCT/AUOO/00022 



International Filing Date (day/month/year) 
14 January 2000 



Priority Date (day/month/year) 
15 January 1999 



International Patent Classification (IPC) or national classification and IPC 
Int. CI. ' G03B 37/00, G02B 5/10, 13/06, 17/06, B25J 19/04 



Applicant 

THE AUSTRALIAN NATIONAL UNIVERSITY et al 



This international preliminary examination report has been prepared by this International Preliminary Examining 
Authority and is transmitted to the applicant according to Article 36. 

This REPORT consists of a total of 3 sheets, including this cover sheet. 

I I This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70. 16 and Section 607 of the Administrative Instructions under the PCT). 

These armexes consist of a total of sheet(s). 



3. This report contains indications relating to the following items: 



I 


[X] 


II 


□ 


III 


□ 


IV 


□ 


V 


[X] 


VI 


□ 


VII 


□ 


VIII 


□ 



citations and explanations supporting such statement 



Date of submission of the demand 
25 July 2000 


Date of completion of the report 
13 November 2000 


Name and mailing address of the IPEA/AU 

AUSTRALIAN PATENT OFHCE 
PO BOX 200, WODEN ACT 2606, AUSTRALIA 
E-mail address: pct@if)australia.gov.au 
Facsimile No. (02) 6285 3929 


Authorized Officer 

RAJEEV DESHMUKH 
Telephone No. (02) 6283 2145 



Fonn PCT/IPEA/409 (Cover sheet) (July 1998) 



L 

T" 



INTERNATIONAL PREL 



EXAMINATION REPORT 



m 

^^hational application No. 
PCT/AUOO/00022 



'^asis of the report 



With regard to the elements of the international application:* 
|3c] the international application as originally filed. 









as originally filed. 




pages 




filed with the demand. 




pages 


9 


received on with the letter of 


the claims. 


pages 




as originally filed. 




pages 




as amended (together with any statement) under Article 19, 




pages 




filed with the demand, 




pages 




received on with the letter of 


the drawings. 


pages 




as originally filed. 




pages 


5 


filed with the demand. 




pages 


J 


received on with the letter of 



I I the sequence listing part of the description: 

as originally filed 
filed with the demand 
received on with the letter of 



pages , 
pages , 
pages , 



With regard to the language, all the elements marked above were available or-fiimished to this Authority in the language in 
which the international application was filed, unless otherwise indicated under this item. 
These elements were available or furnished to this Authority in the following language which is: 
[ [ the language of a translation fiimished for the purposes of international search (under Rule 23. 1(b)). 

[ I the language of publication of the international application (under Rule 48.3(b)). 

[ I the language of the translation fiimished for the purposes of international prehminary examination (under Rules 55.2 
and/or 55.3). 

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, was on the basis of 
the sequence listing: 

I I contained in the international application in written form. 

I I filed together with the international application in computer readable form. 

I I fiimished subsequently to this Authority in written form. 

I I fiimished subsequently to this Authority in computer readable form. 

I I The statement that the subsequently fiimished written sequence listing does not go beyond the disclosure in the 

international application as filed has been fiimished. 
I I The statement that the information recorded in computer readable form is identical to the written sequence listing has 

been fiimished 
I I The amendments have resulted in the cancellation of: 

I I the description, pages 

I I the claims, Nos. 

[ I the drawings, sheets/fig. 

I I This report has been established as if (some of) the amendments had not been made, since they have been considered 
to go beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to in this 
report as "originally fded" and are not annexed to this report since they do not contain amendments (Rules 70. 1 6 and 70, 1 7), 

Any replacement sheet containing such amendments must be referred to under item I and annexed to this report 



Form PCT/IPEA/409 (Box I) (July 1998) 



INTERNATIONAL PREL 



Y EXAMINATION REPORT 



emalional application No. 
PCT/AUOO/00022 



' Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

Statement 



Novelty (N) 


Claims 


6- 


13, 19 


-21 


YES 




Claims 


1 - 


5, 14- 


18 


NO 


Inventive step (IS) 


Claims 


6- 


13, 19 


-21 


YES 




Claims 


1 - 


5, 14- 


18 


NO 


Industrial applicability (lA) 


Claims 


1 - 


21 




YES 




Claims 








NO 



Citations and explanations (Rule 70.7) 

AU 74861/94 A(673951 B ) (THE AUSTRALIAN NATIONAL UNIVERSITY) 21 March 1995 - see page 
6, line 4 to page 14, line 14. This document discloses a surveillance system for a space where a dome-like 
convex mirror has a profile such that the mirror reflects radiation from a major part of the space onto the 
image plane of the camera. The invention defined in claims 1 - 5 and 14-18 does not appear to be novel or 
to involve an inventive step in light of this document. 

US 4566763 A (GREGUSS) 28 January 1986 - see column 1, Une 66 - column 2, line 16 and figure 4. This 
document discloses a panoramic imaging block for three-dimensional space, based on surfaces described with 
mathematical fimctions. The invention defined in claims 1 and 14 does not appear to be novel or to involve 
an inventive step in light of this document. 

The cited documents do not disclose or suggest having at least partially overlapping panoramic second fields 
of view for range determination. Therefore the invention defined in claims 6-13 and 19-21 appears to be 
novel and to involve an inventive step. The industrial applicability of the claimed invention is immediately 
apparent. 



Form PCT/IPEA/409 (Box V) (July 1998) 
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From thej. ... 

INTERN. JNAL PRELIMINARY EXAMINING AUTHORITY 



TENT COOPi<:RATION TREA 




To: 

DAVIES COLLISON CAVE 
1 Little Collins Street 
MbLBUUKJNb VIC 3000 


PCX 

NOTIFICATION OF TRANSMITTAL OF 
INTERNATIONAL PRELIMINARY EXAMINATION 
REPORT 

(PCTRule7Ll) 


Date of mailing ] 5 ^Q\J £000 
day/month/year 


Applicant's or agent's file reference / / P^^^ 
2248178/LK p-^^^^^^ 


IMPORTANT NOTIFICATION 


International Application No. 
PCT/AUOO/00022 


International Filing Date 
14 January 2000 


Priority Date 

15 January 1999 


Applicant 

THE AUSTRALIAN NATIONAL UNIVERSITY et al 



The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the 
international preliminary examination report and its annexes, if any, established on the international application. 

A copy of the report and its armexes, if any, is being transmitted to the International Bureau for communication to all 
the elected Offices. 

Where required by any of the elected Offices, the International Bureau will prepare an English translation of the report 
(but not of any armexes) and will transmit such translations to those Offices, 

REMINDER 

The applicant must enter the national phase before each elected Office by performing certain acts (filing translations 
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(57) Abstract 

A panoramic imaging system includes an imaging device 
having an image plane and a first field of view, a first reflective 
surface having at least one circularly symmetric portion convex in 
a radial direction disposed in the first field of view to provide an 
expanded panoramic second field of view, TTie profile of the or each 
convex portion provides a varying gain between the fields of view in 
the radial direction to limit variation in the solid angle of view across 
the image plane of the imaging device. 
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RESOLUTION INVARIANT PANORAMIC IMAGING 



FIELD OF THE INVENTION 

This invention relates to generating wide angle images of spaces, generally referred to as 
5 panoramic imaging. 

BACKGROUND ART 

Panoramic imaging is becoming an important tool in the area of mobile robotics and machine 
10 vision. There are many docmnented methods for recording a panoramic view of a scene. One 
simple method involves having a series of cameras mounted on a ring to give views around 
the entire 360° of horizon. This involves, say, four cameras if they each have a field of view 
of 90° and some integration of images. There are also a nxmiber of single camera methods for 
panoramic imaging, including rotating a camera about its vertical axis and taking pictures 
15 continuously to obtain a full panoramic view. Another approach uses wide angle lenses to 
achieve a large field of view, but these lenses are heavy, expensive and distort the image. 

An attractive approach to panoramic imaging is to mount a single fixed camera under a curved 
reflective smface covering a hemisphere such as with a conical, spherical, hyperboloidal, or 

20 other profile. The optical axis of the camera is aligned with the central axis of the mirror. A 
known family of constant gain reflective surfaces have the advantage that they can produce 
large fields of view such as for a hemispherical or hyperboloidal mirror yet preserve a linear 
relationship between changes in angles of incidence and reflection of light rays viewed by the 
camera. This linear relationship simplifies image processing and ensures constant elevational 

25 resolution of the image. The shape of the surface is determined by the gain of the linear 
relationship. For a imity gain, the surface is a cone; for higher gains, the surface is specified 
by a family of polynomial functions. For ease of explanation in this specification the 
panoramic plane will be considered as being horizontal and the field of view as vertical as 
would be the case for a robot moving in a horizontal plane. It will be apparent that in the 

30 general case orientation of the planes is arbitrary. 



wo 00/42470 



PCT/AUOO/00022 



-2- 

All the mirror shapes mentioned above share a common draw back. That is that the CCD 
cameras used for imaging invariably have uniform Cartesian arrays of pixels to capture the 
polar image of the scene, and so the pixel density per solid angle increases with the radius of 
the polar image. The unwarping process transforms the image from polar to Cartesian 
5 coordinates so that the angular coordinate in the original polar image maps to the x-coordinate 
in the unwarped image while the radial coordinate maps to the y-coordinate. Thus the pixel 
density in the unwarped image varies from low for small x values which correspond to the 
centre of the original image to high for large x values which correspond to the outer rim of 
the polar image. This is illustrated in Figure 1 which shows the unwarping of an image 
10 captured with a hyperboloidal mirror. The variation in image quality is clearly evident in the 
unwarped version. 

One way to circumvent this problem is to use a specially designed CCD camera with a polar 
array of pixels wifli a pixel density which decreases with radius. There are alignment 
15 problems with such an approach. 

DISCLOSURE OF THE INVENTION 

In a first aspect this invention provides a panoramic imaging system including an imaging 
device having an unage plane and a first field of view, a first reflective surface having at least 
20 one circularly symmetric portion convex in a radial direction disposed in said first field of 
view to provide an expanded panoramic second field of view, the profile of the or each 
convex portion providing a varying gain between the fields of view in the radial direction to 
limit variation in the solid angle of view across the image plane of the imaging device. 

25 Preferably, the profile of the convex portion provides a substantially uniform solid angle of 
view across the image plane. That is, the shape ensures that the resolution in the image is 
invariant to changes in elevation. Thus, where the imaging system involves a device with an 
array of uniformly spaced pixels in the image plane, the shape of the reflective surfaces results 
in solid angle pixel density invariance. 
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The profile of the reflective surface in polar coordinates is preferably determined by solving 
the equation 

dr 



= r cot 
dQ 



-V2 J(i + a(e))^e] 



where r is the radial distance from the reflective surface to the imaging device 
5 e is the angle from the optical axis of the imaging device 

a (0) is the mirror gain given by 

a (6) = B„ [tan (0) + tan^ (0)] 
2(^ - ^) 



tan\e) - tan^Cfi) 



10 

$ and (J> are the maximum and minimum elevations viewed B and 0 are the maximum and 
minimum radial angles imaged. 

In one approach r can be plotted against 0 at selected intervals to describe the profile by 
1 5 solving the above equation for selected values of 0. For example determining values of r for 
incremental values of 0 of about 1/5° has been found to produce a sufficiently accurate profile 
for practical application. 

There are a nimiber of methods for panoramic range finding. One method uses a cone mirror 
20 above a camera. The camera mirror assembly is either displaced during image collection, or 
two camera mirror assemblies are used to obtain the two views necessary for range finding. 
Although this method provides range information in the horizontal plane at video rates, its 
drawbacks are that no range information is available in the vertical (elevation) direction, 
objects must be more than a minimum distance from the camera and there may be a blind spot 
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due to the second camera system. 

A discontinuous, axially symmetric mirror, which is in essence a coaxial mirror pair, mounted 
above a camera to obtain two views of a panoramic scene for stereo disparity range finding 
5 is known. There are however no proposals concerning specific mirror shapes to achieve 
specific desirable properties. Additionally, known constant gain mirror profiles have been 
generalised to derive a family of such coaxial mirror pair profiles for panoramic stereo 
imaging and processing based on disparities in the vertical plane. 

10 In another aspect this invention provides for range finding using a panoramic imaging system 
containing two resolution invariant mirrors. Preferably the mirror or reflector surface has at 
least two of said convex portions arranged to respectively provide at least partially 
overlapping panoramic second fields of view for range determination. The second fields of 
view are preferably substantially co-incident. In the preferred form of the invention the two 

15 convex portions form a continuous mirror or reflective surface. 

In a further aspect this invention provides a design for a back to back stereo mirror system 
with the desirable property of equal pixel sharing between two cameras and thus the two 
stereo images. The stereo cone in this case is preferably symmetric in the directions 

20 orthogonal to the camera axis which is a desirable property for some applications. In this 
aspect of the invention the imaging system preferably includes two first reflective surfaces 
each having an associated image plane with corresponding first fields of view, and at least one 
convex portion of each first reflective surface providing respective panoramic second fields 
of view, said first reflective surface being arranged back to back such that said reflective 

25 second fields of view at least partially overlap. 

A second refl^tive surface can, in some applications be interposed between the image plane 
and the second reflective surface. This allows positioning of the imaging device for example 
behind the first reflective surface. In some variations an apperture can be provided in the first 
30 reflective surface to provide the first field of view from the imaging device. 
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In another aspect this invention provides a reflective surface for use in a panoramic imaging 
system including an imaging device having an imaging plane and a first field of view, said 
reflective surface having at least one circularly symmetric portion convex in a radial direction 
with a profile providing varying gain in the radial direction between an expanded panoramic 
5 second field of view provided by the reflective surface and the first field of view to limit 
variation in the solid angle of view across the image plane of the imaging device. 

In yet a further aspect this invention provides mirrors having minimal intrusive designs, which 
intrude to a minimal extent into the viewing "hemisphere". These are also termed forward 
10 facing designs. They involve an additional planar mirror and camera relocation within the 
primary reflective surface. The attraction of this arrangement is that the fu-st reflective mirror 
surface profile is the same design as in a more conventional arrangement. 

The invention will be ftirther described, by way of example only with reference to the 
15 accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates an unwarping process for a prior art panoramic imaging system; 
Figure 2 schematically shows the relationship between camera image and horizontal 
20 view direction in a panoramic imaging system; 
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Figure 3 illustrates geometric relationships between a reflecting surface and a camera 
used to derive mirror profiles according to this invention; 

Figures 4A and 4B, are graphs showing a comparison of a constant gain mirror with 
5 a variable gain mirror used in the imaging system according to this invention; 

Figures 5 A and 5B, shows ray traced scenes respectively reflected in constant and 
variable gain mirrors; 

Figures 6 A and 6B, graphically illustrates a comparison of panoramic imaging systems 
respectively utilising double constant and variable gain mirror configurations; 
10 Figures 7 A and 7B, shows raced traced images of scenes respectively corresponding 

to panoramic imaging systems utilising double constant and variable gain mirror 
configurations; 

Figure 8 schematically illustrates relationships between camera and reflective surfaces 
used in range calculation utilising a resolution invariant double mirror according to this 
15 invention; 

Figure 9 schematically illustrates a back to back mirror configuration according to this 
invention; 

Figure 10 schematically illustrates a double back to back mirror configuration 
according to this invention; 
20 Figure 11 schematically illustrates a forward looking panoramic imaging system 

according to this invention; and 

Figure 12 shows a system utilising a combination of the arrangements in Figures 10 

and 11. 

25 BEST MODE FOR CARRYING OUT THE INVENTION 

The various aspects of this invention will, for clarity, be described under separate 
subheadings. 



1 

30 



Resolution Invariant Mirror Families 
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This section describes a family of mirror designs that achieve the objective of resolution 
invariance. or equivalently solid angle pixel density invariance. 

5 1.1 Constant Image Pixel Density - The Variable Gain (a) Mirror 

In accordance with one aspect of this invention resolution invariance is achieved by adjusting 
the mirror profile to image relatively less of the scene in the centre of the image and relatively 
more at the perimeter. That is, a mirror profile is selected to maintain a constant relationship 
10 between the pixel density and the angle of elevation in the scene or more precisely, the solid 
angle. The mirror gain a, is the relationship between the change in elevation of rays incident 
on the mirror and the change in the angle of rays reflected into the camera as follows 



6(|> 
" " 69 



15 where ^^is the change in vertical elevation and 36 is the change in angle of reflected rays 
received by the camera. With resolution invariance a becomes a function of image angle 6 
which is related to the radial coordinate in the image, as shown in Figure 2. 



Figure 3 schematically shows an imaging system including an imaging device in the form of 
20 a camera having an image plane and a first field of view. A reflective surface or mirror is . . . 
in the first field of view to provide an expanded panoramic second field of view. The surface 
is circularly symmetric and convex in a radial direction. 

Consider a mirror profile (r, 6) in polar coordinates where r is the radial distance to the 
25 camera and 6 is the angle from the optical axis of the camera to the point on the mirror 
surface as shown in Fig. 3. The angle of incidence of a light ray relative to the mirror is y 
and the angle of an incoming light ray with respect to the vertical is cj). Then 
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Y = tan' 



rdd ^ 
dr , 



(2) 



subject to the geometric constraint (from the law of reflection) 



2y + 6 + (J) = 71; 



(3) 



5 Differentiating (2) and (3) with respect to 6 




From (2) 



de 2 [ ddj 



From (3) 



so, substituting a from (1) gives 



_d_ 
dd 



tan 



if]\ 



(4) 



10 



Now, for a variable gain mirror, a is a function of image angle 0 (related to the radial 
coordinate in the image, p) so (4) becomes 



dd 



tan 



if]] 



= -'/2(l +a(0)) 



(5) 



or, rearranging 

15 
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^=rcot[-'/./(l+a(e))t/e] (6) 
au 



The equation for the mirror gain, a (6) to achieve pixel density invariance can be found using 
the foUowmg theory. 

5 

l.l.l Pixel Density Invariance Profiles 

There are p(p) pixels in an area of radius p in the image. More formally, there are 

/?(p) = 7CKp2 

10 pixels in an area of radius p , where k is the number of pixels per unit area, a constant. 
Differentiating by p gives 



Now, the radius in the image, p is related to the radial angle of a ray reflected from the 
15 mirror, 6 by the focal length of the camera,/ (a constant) 

p =/tan(e) (8) 
so differentiating p{p) by 0 and substitutmg (7) and (8) gives 



20 
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dp(p) ^ dp(p) dp 
ae dp dQ 

= 2nKpf^^ W 

^•^ ae 

= 271K/2 tan(e)(l +tan2(e)) 



Now, it is required that the image pixel density be invariant to angle of elevation in the scene 
which leads to more of the scene being imaged towards the perimeter, so 

5 ■ 

p(p) = P4) + c(<j)) (10) 

where p and C(<})) are constants. Differentiating both sides of (10) by ^ and substituting (1) 
and (9) gives 



o^i = dpip) 
^d^ 8(|) 



^=-ae -a^ <i^) 

^ 27rK/^tan(e)(l -»-tan^(e)) 
a(e) 



10 

Rearranging (11) gives 



{ 

a(e) = 



2Z|!]Sj tan(e)[l . tan2(e)] ^^^^ 

3/ 



= 5 [tan(e) + tan^(e)] 



where B„ is a constant. Integrating this expression for a(e) by 6 gives an expression for <}) 
15 (see (1)), the elevation of an object imaged at angle 6. That is 
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(J) = ^ tan2(0) ^ 4)(8 = 0) (13) 



where 4) (0 = 0) is a constant of integration. 

The constants B„ and 4) (0 = 0) can be determined from the maximum and minimum values 
5 of 0 and (j> which are known for a desired mirror configuration, using (13). 



^ ^ 2(4)-^) 



" tan2(0) - tan2(0) ^^^^ 
(|)(0 = 0) = ^ - :^tan2(0) 



It appears not possible to find an analytical solution to (6) if a is a function of 0, so there is 
no explicit equation for the mirror shape. Instead, a differential equation solver is needed to 
10 find solutions to (6) over the range of 0 (the mirror surface). 

Figures 4A and 4B show for comparison a constant gain mirror and a variable gain mirror 
with the same camera field of view and range of elevations imaged. The rays shown are 
constantly spaced in 0, with about l"" between each ray. It is clear from Fig. 4 A that in the 

15 constant gain case these rays are constantly spaced in cj), with about 8.5° between each ray, 
and from Fig. 4, that the spacing between the rays in the variable gain case increases with 
increasing <|). So, in the variable gain case, a greater proportion of the scene is imaged 
towards the outer edge of the polar image. This is also shown in Figures 5 A and 5B, ray 
traced images reflected in a constant gain and variable gain mirror with the same range of 

20 elevations visible. 
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1.2 Panoramic Stereo Using a Variable Gain Mirror 

A mirror with two convex portions or a double mirror is required. The radial profile of a 
5 double mirror is shown in Figure 8. The mirror arrangement for panoramic stereo with 
variable gain mirrors will necessarily be different than for constant gain mirrors due to the 
variation of the mirror gain, a. The gain must vary in a constant fashion over the entire 
double mirror so that the constant pixel density 

theorem will hold over the entire image. If the minimum and maximum elevations viewed (<}) 
10 and ^ ) are to be equal for both mirrors in the double mirror system, the range of reflected 
angles (B - 0 ) cannot be equal for the two mirrors. The minimum and maximum angles of 
reflected rays captured by the camera over the entire mirror surface are known from camera 
geometry. Therefore the minimum ray reflected from the lower mirror (0^ ) and the 
maximum ray reflected from the upper mirror (02 ) are known. So, since (12) holds over the 
15 entire mirror, B^^ is constant, and from (14) 

2(^ ■ ^) 2(^ - ^) 

(tan^(W,) - tan2(e^)) lan^idl) - tanHd^) 
tan^(e]) - tan2(e^) = tan^W^) - tan\d^) ^^^^ 
tan^iW^) + tan^id^) = tan^W^) + tan^(e^) 



It is desirable to minimise the gap in the radial direction between the images from the two 
mirrors so as to maximise usage of the camera field of view. For minimum gap ^, = ^ , 



so 



2 tan\e^) = tan^id^) + tan2(e^) 



6, = tan" 



tan^(e2) tan^CQi) 



(16) 



20 



wo 00/42470 




PCT/AUOO/00022 



- 13- 



Figures 6A, 6B and 7 A, 7B show graphical and ray traced comparisons of constant and 
variable gain double mirror systems viewing the same scene. 

2.4 Calculation of Range for a Variable Gain Panoramic Stereo System 

5 

The information available for range calculation are the image angles for a single object 
reflected in both mirrors, 6j and as shown in Figure 8. The two mirrors 0, and 62 form 
a reflective surface. The differential equations (6) for the surfaces are known. In the 
calculations that follow only the lower mirror is examined as the results are identical for the 
10 upper mirror. 

In order to find the position of object P, the equations of the incident beams from P to each 
mirror reflection point (rj, 0,) and (rj, must be found. These equations can then be solved 
simultaneously to give the position of object P, (Xp, yp). 



yp 




1 -m^j 


-1 








1 -m,2. 













(17) 


mj2-mj, mj2-mjj 








1 1 
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where my, is the gradient of the incident beam to the lower mirror and is the equation 
constant. The equation constant is given by 

^n^yx'^u^x (18) 



where 



Xj = Tj sin dj 
yj = rj cos dj 



(19) 



are the Cartesian coordinates of the reflection point (r,, 0,). The gradient of the incident 
1 0 beam is found using the law of reflection 



tan"' 








-tan"' 


dx^ ^ 




+ tan"' 








1*1 J 













(20) 



where m^^ is the gradient of the reflected beam from the lower mirror to the camera and 
1 5 d3^,/dLc, is the gradient of the lower mirror profile at the reflection point. The gradient of the 
reflected beam is 



m^j =tan6, 



(21) 



The gradient of the mirror profile for the lower variable gain mirror is found as in the 
constant gain case, from 

20 
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dr. 



dx^ i/e, £/6, 



-cos 6, -r, sin 8, 

i/e. Ill 



dQ, 



•sin 6, +r,cos6, 



(22) 



where dr/d0 for either mirror of the variable gain mirror configuration is found by integrating 
(5) and substituting (12). 



J^tan-'^r-^j = " j J(l ^a(d))d6 



2 4 



where D is a constant of integration. Rearranging (23) gives 



(23) 



- r cot --e - ?^iznHe) ^ D 
dd I 2 4 ' ^ 



(24) 



Now from (23) and (2), 



1 B 

D = y + -e + -^xan^ (8) 

2 4 



(25) 



10 so, for the lower variable gain mirror profile 
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similarly for Dj, for the upper variable gain profile. 

So, by substituting (24) into (22) gives the gradient of the variable gam mirror profiles at any 
5 point. Note that as in the constant gain case, the gradient depends only on 8. 

The equation constants for the incident beam equations from (18) require the polar coordinates 
of the reflection points from each mirror, (ry, 6i) and (r2, 6^ . Since the variable gain mirror 
equations are not known exactly, and r2 must be found using a differential equation solver 
10 to fmd solutions to (26) at and 02- 

2 Back-to-back Stereo Mirror Families 

A key disadvantage of single camera stereo panoramic systems is that since there are two 
15 images of the "same" scene, the pixels assigned to each image is half that for non stereo 
panoramic imaging and the two images do not share an equal number of pixels in constant 
gain schemes. Actually, the panoramic stereo double mirror method typically causes the view 
of a scene in one radial direction to be compressed into around 1/4 the field of view of the 
camera. 

20 

A method to achieve panoramic stereo with less image compression is to use two cameras and 
two single curved mirror surfaces back to back, as shown in Fig, 9. This method compresses 
the imaged scene into 1/2 the field of view of the camera, and indeed each image has an equal 
share of the total number of pixels available. There are, however, possible alignment 
25 problems with this system as with any stereo system using two cameras to capture two views 
of a scene. 

An advantage of the scheme proposed in Fig. 9 is that the stereo cone can be symmetric about 
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the horizon using two cameras with equal fields of view and the maximum and minimum 
angles of elevation reflected by the two mirrors being equal. The angle covered by the stereo 
cone in this case is 2^ - tc. Fig. 9 shows the general case where the maximum and minimum 
angles of elevations viewed by each camera need not be equal. The range of elevations must 
5 still be equal for the fields of view to be aligned. 

The number of free parameters to be specified are reduced here as the minimum angle of 
elevation ((J) ) and from one mirror must be parallel to the maximum angle of elevation (^) 
from the other mirror. This is to ensure that the fields of view are parallel. So, with reference 



In the scheme of Fig. 9, the mirror families can be either constant gain or resolution invariant. 



2.1 The Use of Double Mirrors in a Back to Back Design 

Fig. 10 shows a back to back design incorporating double mirrors. Although the figure shows 
20 constant gain mirrors, the double mirror can also have a variable gain. The advantage to this 
system is that the stereo cone from the back to back configuration combines with the stereo 
cones from the double mirror configuration to increase the total area imaged in stereo. In this 
configuration, the fields of view of each double mirror pair need not be aligned as in previous 
examples. For symmetry about the horizon ^ — ^ 'A ~ ^ » 
25 = and <|)4 = c|>2 • Th^ constraints 



10 



to Fig. 9 



^ = Ti: - cj) 



(26) 
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Cjjj = 7C - <1)2 
^ = n - 

align the three stereo cones. 

It is also possible to increase the total stereo cone fiirther by allowing the mirror pairs to have 
5 different gains. 

3 Forward Looking Mirror Design 

An example of a forward looking mirror design is shown in Fig. 11. For many applications, 
10 it is desirable to have a panoramic camera looking out from, say, a hemisphere, somewhat as 
an eye of a bird, or perhaps two such on either side of a "nose cone". There are aerodynamic 
considerations or other protrusion considerations which motivate such a "forward looking" 
system. This configuration is termed forward looking because the camera faces towards the 
scene. Either a constant or variable gain mirror (double or single) could be used for the 
15 curved mirror in the system. The planar mirror is an annulus or circle interposed such that 
all rays reflected from the curved mirror are reflected into camera o positioned behind the 
curved mirror. The dotted lines in Fig. 11 show where the reflected rays would converge if 
the planar mirror was removed and the dotted camera shows the camera o' for an equivalent 
system without the planar mirror. 

20 

In order for the rays reflected by the planar mirror to converge at the new camera position, 
the planar mirror must be the perpendicular bisector of the line joining the old and new 
camera locations. Hence the distance between the camera locations is 2D where D is defined 
in Fig. 11 as the distance from either camera to the planar mirror. The infroduction of the 
25 planar mirror into the system does increase die possibility of alignment difficulties as the 
planar mirror must be perpendicular to the camera axis and also be positioned so as to reflect 
all rays from die curved mirror into the camera without occluding the view of the curved 
mirror. 
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The maximum value for D,D , is when the maximum beam reflected from the mirror system 
(the B beam reflected at point b on the planar mirror) into camera o grazes the curved profile 
at c. In this case 



_ r cos (0)[tan (6) + tan (9)] 

D = — — (27) 

2 tan (0) 



D , defines the minimum height for the mirror system, H . In practice, the value for D needs 
to be slightly smaller to avoid occlusion, leading to a larger mirror system height. The general 
equation for the height of the mirror system is 

10 



= r cos (6) - D (28) 



It should also be noted that 0 must be greater than zero for camera o to be located behind 
the curved mirror. Also, <|) ^ 9 if the minimum elevation ray <|) is not to be occluded by 
the planar mirror. 

15 

Fig. 12 shows a design that incorporates the ideas of Sections 2 and 3. It consists of two 
forward looking systems back to back, giving a design reminiscent of a eye mounted on a 
stalk, such as a crab*s eye. The "stalk" for this system would be hidden from view by the 
lower planar mirror. In this arrangement portions are provided in the curved mirror to 
20 provide for reflection of rays from the curved surface to the camera by the plane mirrors. 
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The foregoing describes only some aspects of the present invention and modifications can be 
made without departing from the scope of the invention. 



5 
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CLAIMS: 



A panoramic imaging system including an imaging device having an image plane and 



a first field of view, a first reflective surface having at least one circularly symmetric portion 
5 convex in a radial direction disposed in said first field of view to provide an expanded 
panoramic second field of view, the profile of the or each convex portion providing a varying 
gain between the fields of view in the radial direction to limit variation in the solid angle of 
view across the image plane of the imaging device. 

10 2, A panoramic imaging system as claimed in claim 1 wherein the profile of the or each 
convex portion provides a substantially uniform solid angle of view across the image plane. 

3. A panoramic imaging system as claimed in claim 1 or claim 2 wherein the profile of 
the or each convex portion at least approximates a profile defined in polar co-ordinates by the 
15 equation: 




where r is the radial distance from the reflective surface to the imaging device 
e is the angle from the optical axis of the imaging device 
a (6) is the^ mirror gain given by 



a (6) = [tan (0) + tan^ (0)] 



2(4) - ^) 



tan^(O) - tan2(0) 



$ and ^ are the maximimi and minimum elevations viewed 9 and 0 are the maximum and 
minimum radial angles imaged. 
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4. A panoramic imaging system as claimed in claim 3 wherein the profile of the or each 
convex portion includes by a series spaced apart points defined by determining distance r for 
selected values of angle 6. 

5 5. A panoramic imaging system as claimed in claim 4 wherein the selected values of 6 
are separated by about 1/5**. 

6. A panoramic imaging system as claimed in any one of claims 1 to 5 including a first 
reflector surface havmg at least two of said convex portions arranged to respectively provide 

10 at least partially overlapping panoramic second fields of view for range determination. 

7. A panoramic imaging system as claimed in claim 6 wherein said panoramic second 
fields of view are substantially co-incident. 

15 8. A panoramic imaging system as claimed in claim 7 wherein said at least two convex 
portions form a continuous reflective surface. 

9. A panoramic imaging system as claimed in any one of claims 1 to 8 including two of 
said first reflective surfaces each having an associated image plane with corresponding first 

20 fields of view, and at least one convex portion of each first reflective surface providing 
respective panoramic second fields of view, said first reflective surface being arranged back 
to back such that said reflective second fields of view at least partially overlap, 

10. A panoramic imaging system as claimed in any one of claims 1 to 9 further including 
25 a second reflective surface interposed between the image plane and said second reflective 

surface. 

11. A panoramic imaging system as claimed in claim 10 wherein the imaging device is 
positioned behind the second reflective surface. 

30 
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12. A panoramic imaging system as claimed in claim 11 wherein an aperture is provided 
in said first reflective surface to provide said first field of view from the imaging device. 

5 13. A panoramic imaging system as claimed in any of claims 10 to 12 wherein said 
second reflective surface is substantially planar. 

14. A reflective surface for use in a panoramic imaging system including an imaging 
device having an imaging plane and a first field of view, said reflective surface having at least 
1 0 one circularly symmetric portion convex in a radial direction with a profile providing varying 
gain in the radial direction between an expanded panoramic second field of view provided by 
the reflective surface and the first field of view to limit variation in the solid angle of view 
across the image plane of the imaging device. 

15 15, A reflective siu-face as claimed in claim 14 wherein the profile of the or each convex 
portion provides a substantially uniform solid angle of view across the image plane. 

16. A reflective surface as claimed in claim 14 or claim 18 wherein the profile of the or 
each convex portion at least approximates a profile defined in polar co-ordinates by the 
20 equation: 




where r is the radial distance from the reflective surface to the imaging device 
e is the angle from the optical axis of the imaging device 
a (0) is the mirror gain given by 



a (0) = B« [tan (0) + tan^ (0)] 



2(c|> - <t) 



tan' 



1^(0) - tan^Cfi) 
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$ and 4> are the maximum and minimum elevations viewed B and 6 are the maximum and 
minimum radial angles imaged. 

17, A reflective surface as claimed in claim 16 wherein the profile of the or each convex 
5 portion includes by a series spaced apart points defined by determining distance r for selected 

values of angle 6. 

18. A reflective surface as claimed in claim 17 wherein the selected values of 6 are 
separated by about 1/5°. 



19. A reflective surface as claimed in any one of claims 14 to 18 including a first reflector 
surface, having at least two of said convex portions arranged to respectively provide at least 
partially overlapping panoramic second fields of view for range determination, 

15 20. A reflective surface as claimed in claim 19 wherein said panoramic second fields of 
view are substantially co-incident. 



10 



21 , A reflective surface as claimed in claim 20 wherein said at least two convex portions 
form a continuous reflective surface. 
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